Genetic evidence indicates that ETR1 acts upstream of CTR1 and other components in the pathway [3] . In addition, ethylene-insensitive Arabidopsis plants homozygous for the etr1-1 allele do not bind ethylene effectively. Based on these properties, the ETR1 protein has been hypothesized to be the ethylene receptor [6] . Schaller and Bleecker [7] have now elegantly demonstrated that ETR1 binds ethylene and indeed qualifies as an ethylene receptor. These investigators expressed the ETR1 protein in yeast, which neither produces nor senses ethylene, and found that the transgenic yeast strain is able to bind ethylene with high affinity. The binding is saturable, and is inhibited by known competitive ethylene antagonists. By testing truncated forms of ETR1 in the yeast expression system, the receptor's ethylene binding site has been localized to the protein's transmembrane domain. It is of great interest that all dominant ETR1 mutations lie in this region, and when the etr1-1 mutant protein is expressed in yeast, no ethylene binding is observed [7] .
For a while, it was thought that ETR1 was the only plant ethylene receptor, but Meyerowitz's laboratory [8] surprised us last September when they identified a second ethylene sensor expressed in Arabidopsis, termed ERS for ethylene response sensor. ERS is also similar to bacterial 'two-component' sensors, but more like the archetypal members of this family in that, unlike ETR1, it lacks a response regulator domain at its carboxyl terminus (Fig. 1) . The introduction into the Arabidopsis ERS gene of a mutation equivalent to etr1-4 also confers dominant ethylene insensitivity, suggesting that ERS is an ethylene sensor [8] . (a) Bacterial 'two-component' signaling systems are made up of distinct modules that can be arranged in different ways in multi-domain proteins -in the archetypal systems, for example, the 'sensor' and 'response regulator' are separate proteins. Information flows from one module to another by a combination of non-covalent interactions and phosphorylation reactions involving histidine (H) and aspartate (D) residues [14] . (b) The recently discovered ethylene sensors in plants have striking structural similarities to the bacterial two-component sensors [4, 7, 8] . ETR1 proteins have an ethylene binding site in the transmembrane domain (TM), near the amino terminus [7] , followed by putative histidine kinase domain and receiver domains fused at the carboxyl terminus [4, 10] . ERS proteins are orthodox two-component sensors and lack the receiver domain [8, 9] . The percentages below some domains indicate their sequence identity to the corresponding domains of the Arabidopsis ETR1 protein. The excitement does not end here. Klee and colleagues [9] have found that the pleiotropic tomato ripening mutant NR is caused by a dominant mutation in the transmembrane domain of a protein, NR, which is similar to ERS (Fig. 1) . More importantly, a transgenic yeast strain expressing wild-type NR protein also binds ethylene (A. Bleecker, personal communication). A tomato ETR1 homolog, eTAE1, has also been cloned [10] ; eTAE1 mRNA is constitutively expressed during flower and fruit senescence, whereas NR mRNA is developmentally regulated during fruit ripening [9, 10] . The emerging picture is that the ethylene sensors are encoded by multigene families whose members are differentially expressed during plant growth and development.
The future looks exciting for research on plant ethylene sensors. It will be no surprise if, in the next few years, many more ethylene receptors are isolated from various monocotyledonous and dicotyledonous plant species. A first priority should be the identification of the type of metal present in the ethylene binding site of ETR1. It has been suggested [11] that Cu (I) may be the transition metal responsible for ethylene binding; biophysical and crystallographic studies of ETR1 should show if this is correct. Ethylene action requires oxygen; this may be because of a putative oxidase hypothesized to keep the metalloprotein ethylene receptor in the oxidized form [11] . A challenge for the future is to prove if such an oxidase is part of the ethylene-sensing apparatus. The identification of the components that connect the ethylene receptors to the CTR1 protein kinase -putative equivalents of bacterial response regulators -is also a task for the future. It is crucial that enzymatic verification is offered that the ethylene sensors are indeed protein kinases. Furthermore, biochemical studies are needed to test the models that have been put forward to explain the dominant nature of the ETR1, NR and ERS mutations [4] .
The multiplicity of ethylene receptors in a single plant species raises the question of whether each cell expresses one or more of the ethylene sensors during development. Do the receptors bind all ethylene with the same affinity? We should remember that low levels of the gases hydrogen cyanide (HCN) and carbon monoxide (CO) initiate fruit ripening [12] . Do the ethylene receptors recognize these gases? It is possible that some of the receptors are there to sense some other gas than ethylene. For example, some of them may monitor oxygen tension under anaerobic conditions. A prominent feature of ethylene biosynthesis is that it is autocatalytic -exposure to ethylene stimulates plants to make more of the gas [13] . We need to discover which of the ethylene sensors communicates with the genes encoding the enzymes of autocatalytic ethylene production. Information about this pathway may have practical benefits too -the expression of dominant mutant ethylene receptors in agronomically important crops may allow the production of flowers and vegetables that have extended shelf lives because they are unable to sense ethylene.
Amidst the present flurry of excitement, we must not forget the pioneers in the ethylene receptor field, such as E. Sisler and J. Hall, who for years worked tirelessly to develop ethylene antagonists and biochemical assays to determine ethylene binding in crude plant extracts. These same assays and inhibitors were used by the molecular biologists who determined that ETR1 binds ethylene.
